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(54) INFORMATION PROCESSING APPARATUS, PROGRAM AND INFORMATION PROCESSING 
METHOD

(57) An information processing apparatus that exe-
cutes evolutionary computation for calculating an eigen
solution of an equation by using a plurality of input pa-
rameters, the apparatus includes a first calculating unit,
in order to calculate an eigen solution of an equation of
a first generation, calculating function values of a function
in the equation as first plural function values for partial
input parameters of the plurality of input parameters; a
predicting unit predicting eigen solution candidates for

the first plural function values based on combinations of
second plural function values for the partial input param-
eters and eigen solutions calculated by using the plurality
of input parameters in a plurality of generations before
the first generation; and a second calculating unit calcu-
lating a solution of the equation in vicinity of the input
parameters corresponding to the eigen solution candi-
dates predicted by the predicting unit.
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Description

FIELD

[0001] The embodiments discussed herein are related to an information processing apparatus and so on.

BACKGROUND

[0002] A genetic algorithm (GA) (see Japanese Laid-open Patent Publication Nos. 2005-209211 and 2006-88331, for
example) has been known as one of evolutionary computation (EC). According to a genetic algorithm, for example, input
values are converted to bit sequences and are generated randomly. Then, input values are selected (by keeping ones
having a good characteristic) and crossing and variations are repeated thereon to find an optimum input value.
[0003] A method has been known which applies evolutionary computation for designing an optimum structure. In order
to acquire an optimum structure, performance evaluation is to be performed. In order to perform the performance eval-
uation, an intensity distribution corresponding to the designed structure is to be acquired. In order to acquire the intensity
distribution, an eigen solution that satisfies an eigen solution condition is to be calculated.
[0004] For example, a case where a structure having an arrangement of a surface acoustic wave (SAW) guide (signaling
channel) with an optical SAW filter having a highest SAW application efficiency is to be acquired will be described with
reference to FIGs. 12 and 13. FIG. 12 is a diagram illustrating a reference example of an SAW intensity distribution with
an optical SAW filter having a highest SAW application efficiency. Referring to FIG. 12, two types of SAW intensity
distributions where SAW signaling channels are arranged differently are illustrated. The arrangement of SAW signaling
channels with a highest SAW intensity on optical signaling channels of SAW guides is acquired to acquire a structure
with a highest SAW application efficiency.
[0005] The SAW intensity distribution is acquired based on Expression (1).
[0006] SAW intensity distribution S(z): 

[0007] In order to acquire an SAW intensity distribution, an eigen solution that satisfies an eigen solution condition
expressed by Expression (2) is to be calculated. In this example, in order to acquire a proper SAW intensity distribution,
an eigen solution that converges to zero (B1 = 0, An = 0) at both infinite distance is to be calculated.
[0008] Eigen Solution Condition 

and A1 = 1, B1 = 0, An = 0
[0009] FIG. 13 is a diagram illustrating a reference example exhibiting a relationship between an SAW intensity dis-
tribution and an eigen solution. FIG. 13 illustrates an SAW intensity distribution of a structure in which four SAW signaling
channels are arranged. Referring to the upper diagram of FIG. 13, a value of z that converges to zero (B1 = 0, An = 0)
at both infinite distance is acquired as an eigen solution by changing the value of z for the eigen equation for determining
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an SAW intensity distribution expressed by Expressions (1) and (2). Referring to the lower diagram of FIG. 13, a value
of z that converges to zero (B1 = 0, An = 0) at both infinite distance is not acquired by changing the value of z for the
eigen equation for determining an SAW intensity distribution expressed by Expressions (1) and (2). In other words, an
eigen solution is not acquired, for example. Therefore, with the structure in which four SAW signaling channels are
arranged, an eigen solution and an SAW intensity distribution are determined as in the upper diagram in FIG. 13.
[0010] After the eigen solution and SAW intensity distribution corresponding to the structure are acquired, performance
evaluation is performed on the structure based on the SAW intensity distribution for the structure. From the performance
evaluations on the structures, a new structure is selected from the structures. Structures of the next generation are
generated by crossing and variations, and an optimum design structure is found.
[0011] For example, Japanese Laid-open Patent Publication Nos. 2005-209211, 2006-88331, and the like are dis-
closed.

[SOLUTION TO PROBLEM]

[0012] However, in the method in the past applying evolutionary computation for designing an optimum structure, the
amount of computational complexity of the evolutionary computation may not be reduced disadvantageously. In other
words, for example, the method in the past calculates an eigen solution for acquiring the intensity distribution. In this
case, a value of z that converges to zero (B1 = 0, An = 0) at both infinite distance is acquired by changing the value of
z for the eigen equations expressed by Expressions (1) and (2). In other words, for example, in the method in the past,
in order to acquire an eigen solution, a value of z that converges to zero is repeatedly calculated by changing the value
of z in the entire possible range of an eigen solution. This therefore takes a large amount of computational complexity
for acquiring an eigen solution, which means that the entire amount of computational complexity of evolutionary com-
putation may not be reduced.
[0013] In an aspect, it is desired to reduce the amount of computational complexity of the repetitions for acquiring
eigen solutions in evolutionary computation.

[SOLUTION TO PROBLEM]

[0014] According to an aspect of the embodiments, an information processing apparatus that executes evolutionary
computation for calculating an eigen solution of an equation by using a plurality of input parameters, the apparatus
includes a first calculating unit, in order to calculate an eigen solution of an equation of a first generation, calculating
function values of a function in the equation as first plural function values for partial input parameters of the plurality of
input parameters; a predicting unit predicting eigen solution candidates for the first plural function values based on
combinations of second plural function values for the partial input parameters and eigen solutions calculated by using
the plurality of input parameters in a plurality of generations before the first generation; and a second calculating unit
calculating a solution of the equation in vicinity of the input parameters corresponding to the eigen solution candidates
predicted by the predicting unit.

BRIEF DESCRIPTION OF DRAWINGS

[0015] Embodiments are set out, by way of example only, with reference to the following drawings, in which:

FIG. 1 is a functional block diagram illustrating a configuration of an information processing apparatus according to
Embodiment 1;
FIG. 2 is a diagram illustrating model generation according to Embodiment 1;
FIG. 3 is a diagram illustrating eigen solution prediction according to Embodiment 1;
FIG. 4 is a diagram illustrating an example of a flowchart for the model generation according to Embodiment 1;
FIG. 5 is a diagram illustrating an example of a flowchart for structure design with evolutionary computation according
to Embodiment 1;
FIG. 6 is a diagram illustrating an effect acquired when partial range search according to Embodiment 1 is applied
to optical SAW filter design;
FIG. 7 is a functional block diagram illustrating a configuration of an information processing apparatus according to
Embodiment 2;
FIG. 8 is a diagram illustrating an example of the eigen solution information table according to Embodiment 2;
FIG. 9 is a diagram illustrating another example using the eigen solution prediction according to Embodiments 1 and 2;
FIG. 10 is a diagram illustrating an example of a flowchart for structure design with evolutionary computation according
to another example;
FIG. 11 is a diagram illustrating an example of a computer that executes an information processing program;
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FIG. 12 is a diagram illustrating a reference example of an SAW intensity distribution with an optical SAW filter
having a highest SAW application efficiency;
FIG. 13 is a diagram illustrating a reference example exhibiting a relationship between an SAW intensity distribution
and an eigen solution;
FIG. 14 is a diagram illustrating a reference example of a flowchart for structure design with evolutionary computation;
and
FIG. 15 is a supplementary diagram for description of the structure design with evolutionary computation.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0016] In one aspect, it is possible to reduce the amount of computational complexity of the repetitions for acquiring
eigen solutions in evolutionary computation.

DESCRIPTION OF EMBODIMENTS

[0017] However, in the method in the past applying evolutionary computation for designing an optimum structure, the
amount of computational complexity of the evolutionary computation may not be reduced disadvantageously. In other
words, for example, the method in the past calculates an eigen solution for acquiring the intensity distribution. In this
case, a value of z that converges to zero (B1 = 0, An = 0) at both infinite distance is acquired by changing the value of
z for the eigen equations expressed by Expressions (1) and (2). In other words, for example, in the method in the past,
in order to acquire an eigen solution, a value of z that converges to zero is repeatedly calculated by changing the value
of z in the entire possible range of an eigen solution. This therefore takes a large amount of computational complexity
for acquiring an eigen solution, which means that the entire amount of computational complexity of evolutionary com-
putation may not be reduced.
[0018] It is desirable to reduce the amount of computational complexity of the repetitions for acquiring eigen solutions
in evolutionary computation.
[0019] Embodiments of an information processing apparatus, an information processing program and an information
processing method disclosed herein will be described in detail with reference to drawings. In description of the embod-
iments, an optimum arrangement (structure design) of optical signaling channels with an optical SAW filter having a
highest SAW application efficiency is to be acquired by evolutionary computation. However, the present disclosure is
not limited to the embodiments.
[0020] First, a reference example of a flowchart for structure design with evolutionary computation will be described
with reference to FIG. 14. FIG. 14 is a diagram illustrating a reference example of a flowchart for structure design with
evolutionary computation. The flowchart in FIG. 14 will be described with reference to the supplementary drawing in
FIG. 15.
[0021] As illustrated in FIG. 14, an information processing apparatus obtains structures to be designed as input values
xkm (step S110). k indicates a generation, and m indicates an input value number within the generation. For example,
as illustrated in the first row in FIG. 15, in order to calculate an optimum width, input values within a certain generation
are "6" as x1, "8" as x2, "10" as x3, and "12" as x4.
[0022] The information processing apparatus calculates an operating condition inherent to each of the input values
xkm (step S120). In other words, for example, when A1 = 1 and B1 = 0 of the eigen solution condition in Expression (2)
are input, a function for acquiring An is expressed as h(z). Because An is h(z) and because of the condition An = 0, a
condition acquired by solving the equation resulting in An or h(z) equal to zero is an eigen solution g(z). Such an equation
is called an "eigen equation". Because h(z) depends on the structure, it varies in accordance with the input value xkm.
If the possible range of the eigen solution is 1000 points that z may take, the information processing apparatus searches
eigen solutions and eigen actions for all of the 1000 points.
[0023] The information processing apparatus determines eigen solutions and eigen actions (step S130). In other
words, for example, the point z resulting in h(z) equal to zero is determined as an eigen solution g(z). For example, as
illustrated in the second row of FIG. 15, eigen solutions g(x1), g(x2), g(x3), and g(x4) for the input values of the structures
are determined. As illustrated in the third row of FIG. 15, the SAW intensity distributions for the input values of the
structures are determined as eigen actions. Each of the SAW intensity distributions is represented by a graph having a
position of an optical signaling channel as an x axis and an SAW intensity as a y axis. The SAW intensity distribution
as an eigen action is determined based on an eigen solution.
[0024] The information processing apparatus calculates a performance of a target input value (step S140). For example,
as illustrated in the third row of FIG. 15, the information processing apparatus calculates, as a performance value, an
SAW intensity corresponding to the position of the optical signaling channel of each of the structures from the SAW
intensity distribution for the input value being each of the structures. When the input value is x1, "1.0" is calculated as a
performance value f(x1). When the input value is x2, "1.2" is calculated as a performance value f(x2). When the input
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value is x3, "1.4" is calculated as a performance value f(x3). When the input value is x4, "0.8" is calculated as a performance
value f(x4).
[0025] The information processing apparatus evaluates the performances corresponding to the input values (step
S150). For example, as illustrated in the fourth row of FIG. 15, the performance value is 1.0 for the input value x1 (= 6).
For the input value x2 (= 8), the performance value is 1.2. For the input value x3 (= 10), the performance value is 1.4.
For the input value x4 (= 12), the performance value is 0.8. Therefore, in this case, the part in which the width indicated
by x is around "10" is evaluated as producing the best performance value f(x).
[0026] If the end condition is not satisfied, the information processing apparatus selects the input values based on the
evaluation results (step S160). For example, the information processing apparatus keeps the input value x3(= 10), the
input value x1(= 6) and the input value x2(= 8) having good performance values, and removes the input value x4(= 12)
with the worst performance value.
[0027] The information processing apparatus generates input values xk+1m of the next generation (step S170). For
example, the information processing apparatus crosses the selected input values and changes the crossed input values
to generate the input values of the next generation. The information processing apparatus evaluates the performances
for the input values of the next generation.
[0028] If the end condition is satisfied, the information processing apparatus selects an optimum input value based
on the evaluation result (step S180).
[0029] In the processing of the evolutionary computation for selecting such an optimum structure design, the information
processing apparatus calculates an eigen solution for acquiring an SAW intensity distribution. In this case, the information
processing apparatus searches an eigen solution for all points in the possible range of the eigen solution. The information
processing apparatus therefore takes a large amount of computational complexity of the repetitions for acquiring an
eigen solution, which means that the entire amount of computational complexity of evolutionary computation may not
be reduced.
[0030] Accordingly, according to the following embodiments, an information processing apparatus will be described
which may reduce the amount of computational complexity of evolutionary computation.

[Embodiment 1]

[Configuration of Information Processing Apparatus]

[0031] FIG. 1 is a functional block diagram illustrating a configuration of an information processing apparatus according
to Embodiment 1. An information processing apparatus 1 illustrated in FIG. 1 executes evolutionary computation that
evolves every generation to select an optimum structure design. In order to compute an eigen solution for an eigen
equation depending on a structure design of a certain first generation, the information processing apparatus 1 calculates
function values of a function in the eigen equation as first plural function values for partial input parameters of a plurality
of input parameters. The information processing apparatus 1 predicts eigen solution candidates from the first plural
function values based on combinations of second plural function values for the partial input parameters and eigen
solutions calculated from the plurality of input parameters in a plurality of generations before the first generation. The
information processing apparatus 1 searches an eigen solution for the eigen equation in vicinity of the input parameters
corresponding to the predicted eigen solution candidates.
[0032] In other words, for example, the inventor focused on a fact that a form of a function in the eigen equation
(corresponding to function values for partial input parameters) and eigen solutions are correlated. The inventor attempted
to find a true eigen solution by using repetitions inherent to evolutionary computation, predicting eigen solutions for a
new eigen equation from function values for partial specific input parameters in the past and searching in vicinity of the
predicted solutions.
[0033] An eigen equation, a function in an eigen equation and an eigen solution are defined as follows. It is assumed
that, when A1 = 1 and B1 = 0 of the eigen solution condition in Expression (2) are input, a function for acquiring An is
expressed as h(z), for example. h(z) is defined as the "function in an eigen equation". From the condition An = 0, the
equation resulting in An or h(z) equal to zero is defined as the "eigen equation". The condition for solving the equation
resulting in zero is defined as the "eigen solution".
[0034] The information processing apparatus 1 has a control unit 10 and a storage unit 20.
[0035] The control unit 10 corresponds to an electronic circuit such as a central processing unit (CPU). The control
unit 10 has an internal memory for storing programs defining various processing procedures or control data and executes
various processing using the programs and data. The control unit 10 has an input unit 11, a high-performance computing
(HPC) calculating unit group 12, a performance value evaluating unit 13, an evolutionary computation unit 14, an output
unit 15, and a solution predicting unit 16.
[0036] The storage unit 20 is, for example, a semiconductor memory device such as a random-access memory (RAM)
or a flash memory or a storage device such as a hard disk or an optical disk. The storage unit 20 has an input/output
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storage unit 21 and a learning model 22.
[0037] The input/output storage unit 21 stores, in association, a form of a function in an eigen equation for a past input
value (structure design), an eigen solution, and an output value (performance value). As a specific example illustrating
a form of a function in an eigen equation, a form is provided which is acquired from a function value of h(z) for a plurality
of specific z values when the function in the eigen equation "h(z) = 0" is h(z). The input/output storage unit 21 is held by
an input/output holding unit 161, which will be described below.
[0038] The learning model 22 is a model resulting from learning such that a range of the eigen solution corresponding
to a form of a function in a new eigen equation is acquired by using forms of functions in eigen equations for past input
values (structure designs) and eigen solutions corresponding to the eigen equations. The learning model 22 learns by
a method using a neural network (NN), for example. The learning model 22 is generated by a model generating unit
162, which will be described below.
[0039] The input unit 11 outputs a plurality of input values to be designed and to be used for generating the learning
model 22 to an HPC calculating unit 121, which will be described below, and the input/output holding unit 161, which
will be described below. The input unit 11 outputs a plurality of input values to be designed for predicting an eigen solution
by using the learning model 22 to an eigen solution predicting unit 163, which will be described below.
[0040] The HPC calculating unit group 12 has a plurality of HPC calculating units 121. Hereinafter, one HPC calculating
unit 121 will be described.
[0041] The HPC calculating unit 121 receives an input value to be designed of a predetermined generation and acquires
an eigen solution for an eigen equation for the input value. In other words, for example, the HPC calculating unit 121
searches an eigen solution satisfying an eigen solution condition (Expression (2)) for an input value from an entire
possible range of the eigen solution. Hereinafter, the search for an eigen solution satisfying an eigen solution condition
from an entire range will be called "entire range search". For example, for a function h(z) for acquiring An when A1 = 1
and B1 = 0 in the eigen solution condition of Expression (2) are input, the HPC calculating unit 121 solves an eigen
equation resulting in An or h(z) equal to zero because of a condition of An = 0. The condition for solving the eigen equation
resulting in zero is an eigen solution g(z). The possible range of the eigen solution is all possible points of z. Therefore,
the HPC calculating unit 121 searches an eigen solution resulting in h(z) equal to zero at all possible points of z. The
HPC calculating unit 121 outputs the eigen solution for the input value, which is searched by the entire range search,
to an output unit 15, which will be described below. In addition, the HPC calculating unit 121 outputs function values for
a plurality of predetermined specific z values to the output unit 15, which will be described below, as forms of h(z).
[0042] The HPC calculating unit 121 calculates an SAW intensity distribution (eigen action) as an objective function
based on the eigen solution. For example, the HPC calculating unit 121 calculates an SAW intensity distribution corre-
sponding to the eigen solution based on Expression (1). The HPC calculating unit 121 substitutes the eigen solution for
Neff in Expression (1) to calculate an SAW intensity distribution corresponding to the eigen solution. The HPC calculating
unit 121 calculates an SAW intensity corresponding to an input value as a performance value by using the SAW intensity
distribution for the input value. The HPC calculating unit 121 outputs the performance value for the input value to the
output unit 15, which will be described below.
[0043] The performance value evaluating unit 13 calculates a performance value corresponding to each input value
for each input value. The performance value evaluating unit 13 evaluates the performance of each input value based
on the performance value for each input value. The performance value evaluating unit 13 finally selects an optimum
input value based on the results of the performance evaluations on the input values.
[0044] The evolutionary computation unit 14 selects input values to be kept from a plurality of input values based on
the evaluation results of the performances of input values. The evolutionary computation unit 14 crosses the selected
input values and changes the crossed input value to generate the input values of the next generation. The evolutionary
computation unit 14 outputs the input values of the next generation to the input unit 11.
[0045] The output unit 15 outputs results of solutions of the eigen equations and performance values for input values,
which are output from the HPC calculating units 121, to the input/output holding unit 161, which will be described below.
The expression "results of solutions of the eigen equations" refers to eigen solutions of the eigen equations and function
values of the functions in the eigen equations for a plurality of specific z values. The "eigen solution" here refers to an
eigen solution searched by the entire range search. Each of the function values for a plurality of specific z values refers
to a form of the function h(z) in the eigen equation.
[0046] The solution predicting unit 16 has the input/output holding unit 161, the model generating unit 162, and the
eigen solution predicting unit 163.
[0047] The input/output holding unit 161 holds past input values (structure designs), results of solutions of eigen
equations for the input values and performance values in association in the input/output storage unit 21. In other words,
for example, the input/output holding unit 161 accumulates results of solutions for eigen equations for past input values.
The expression "results of solutions of the eigen equations" refers to eigen solutions of the eigen equations and function
values of the functions in the eigen equations for a plurality of specific z values, as described above. The "eigen solution"
here refers to an eigen solution searched by the entire range search.
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[0048] The model generating unit 162 generates the learning model 22 that predicts the range of the eigen solutions
for eigen equations for input values based on results of solutions for eigen equations for the input values. For example,
the model generating unit 162 causes a neural network (NN) to learn function values for the plurality of specific z values
of the functions and eigen solutions searched by the entire range search in the eigen equations for input values, which
are accumulated in the input/output storage unit 21. The model generating unit 162 generates the learning model 22
that predicts a range of the eigen solution for the eigen equation for an input value.
[0049] The model generation by the model generating unit 162 will be described with reference to FIG. 2. FIG. 2 is a
diagram illustrating the model generation according to Embodiment 1. As illustrated in FIG. 2, the model generating unit
162 causes the NN to learn function values of a function hK(z) in the eigen equation (hK(z) = 0) and estimated solutions
yK to generate the learning model 22 that predicts an estimated solution yK for an eigen equation for an input value. The
term "estimated solution yK" refers to a range of an eigen solution. K indicates a number for identifying an input value
without consideration of a generation. K may be a number in consideration of a generation and may be written as km
(where k: generation and m: input value number within the generation).
[0050] For the z value of the function hK(z) to be used for predicting the solution of the eigen equation, a plurality of
predetermined specific z values may be used, for example. A plurality of predetermined specific z values are used so
that an estimated solution is predicted under the same rule for all input values. As the plurality of specific z values, fixed
values of predetermined z1, z2 and z3 are used. In FIG. 2, three points are used. However, the embodiment is not limited
to the three points, but four or five points may be used.
[0051] Referring back to FIG. 1, the eigen solution predicting unit 163 uses the learning model 22 to predict the range
(solution candidate range) of the eigen solution for the eigen equation for an input value. For example, the eigen solution
predicting unit 163 inputs to the learning model 22 the function values for the plurality of specific z values used for the
prediction of the function in the eigen equation for an input value to be predicted. The eigen solution predicting unit 163
outputs the range of the eigen solution corresponding to the input function value from the learning model 22. The range
of the eigen solution corresponds to the estimated solution yK of the eigen equation.
[0052] The eigen solution predicting unit 163 searches an eigen solution for the eigen equation in the predicted range
of the eigen solution. Hereinafter, the search for an eigen solution in an eigen solution range will be called "partial range
search".
[0053] For example, a function h(z) for acquiring An when A1 = 1 and B1 = 0 in the eigen solution condition of Expression
(2) are input, the eigen solution predicting unit 163 solves an eigen equation resulting in An or h(z) equal to zero because
of a condition of An = 0. The condition for solving the eigen equation resulting in zero is an eigen solution g(z). The range
of z for solving the eigen equation resulting in zero is the predicted eigen solution range (partial range). The eigen solution
predicting unit 163 searches an eigen solution at points within the predicted eigen solution range (partial range). In other
words, for example, the eigen solution predicting unit 163 substitutes values of z within the eigen solution range sequen-
tially for the function h(z) and predicts the value of z resulting in zero as an eigen solution.
[0054] If the eigen solution prediction succeeds, the eigen solution predicting unit 163 outputs the eigen solution along
with the input value to the HPC calculating unit 121. This is for causing the HPC calculating unit 121 to calculate an
SAW intensity distribution (eigen action) of the eigen solution for the input value and to calculate the performance value
for the input value. On the other hand, if the eigen solution prediction fails, the eigen solution predicting unit 163 outputs
the input value for the eigen solution resulting from the prediction failure to the HPC calculating unit 121. This is for
causing the HPC calculating unit 121 to acquire an eigen solution for the input value by the entire range search.

[Description of Eigen Solution Prediction]

[0055] The eigen solution prediction by the eigen solution predicting unit 163 will be described with reference to FIG.
3. FIG. 3 is a diagram illustrating the eigen solution prediction according to Embodiment 1. In FIG. 3, the solution candidate
range is divided into 20 ranges for 50 points acquired by dividing 1000 points by 20.
[0056] First, by using the learning model 22 illustrated on the right side of FIG. 3, the eigen solution predicting unit
163 predicts a solution candidate range of the eigen equation for a certain input value xK. In other words, for example,
the eigen solution predicting unit 163 inputs to the learning model 22 the function values for the plurality of specific z
values used for the prediction of the function hK(z) in the eigen equation. It is assumed here that a plurality of specific
z values used for the prediction is z1, z2 and z3. The function values input to the learning model 22 are hK(z1), hK(z2)
and hK(z3). The eigen solution predicting unit 163 outputs the range (solution candidate range) of the eigen solution
corresponding to the input function value or the estimated solution yK from the learning model 22.
[0057] Next, as illustrated on the left side of FIG. 3, the eigen solution predicting unit 163 searches an eigen solution
for the eigen equation for the input value within a predicted solution candidate range. It is assumed here that the predicted
solution candidate range is "6". For a function hK(z) for acquiring An when A1 = 1 and B1 = 0 in the eigen solution condition
of Expression (2) are input, the eigen solution predicting unit 163 solves an eigen equation (hK(z) = 0) resulting in An or
hK(z) equal to zero because of a condition of An = 0 in the range where the solution candidate range exhibits "6". In
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other words, for example, the eigen solution predicting unit 163 substitutes values of z within the range indicated by the
solution candidate range "6" for the function hK(z). If the function hK(z) results in zero with one of z values within the
range where the solution candidate range exhibits "6" or if the eigen solution prediction succeeds, the eigen solution
predicting unit 163 predicts the z value with which the function hK(z) results in zero as an eigen solution. Thus, compared
with the case of the entire range search that searches all points within a possible range of a solution, the eigen solution
predicting unit 163 may search only in the 1/20 range, which may reduce the amount of computational complexity to 1/20.
[0058] If the function hK(z) does not result in zero with z values within the solution candidate range or if the eigen
solution prediction fails, the eigen solution predicting unit 163 may cause the HPC calculating unit 121 to acquire an
eigen solution by the entire range search.

[Flowchart of Model Generation]

[0059] FIG. 4 is a diagram illustrating an example of a flowchart for the model generation according to Embodiment
1. In km, k indicates a generation, and m indicates an input value number within the generation. The initial value of the
generation k is assumed to be "1".
[0060] As illustrated in FIG. 4, the input unit 11 inputs a plurality of input values "xkm" to be designed (structures/design
values) (step S11).
[0061] The HPC calculating unit 121 calculates an eigen operating condition for each of the input values "xkm" (step
S12). For example, for a function h(z) for acquiring An when A1 = 1 and B1 = 0 in the eigen solution condition of Expression
(2) are input, the HPC calculating unit 121 solves, for each of the input values, an eigen equation resulting in An or h(z)
equal to zero because of a condition of An = 0. In other words, for example, the HPC calculating unit 121 solves the
eigen equation resulting in An or the function hkm(z) equal to zero with respect to all possible points of z for each of the
input values.
[0062] The HPC calculating unit 121 determines the eigen solution and the eigen action for each of the input values
(step S13). For example, the HPC calculating unit 121 determines, as an eigen solution, the value of z with which the
eigen equation (hkm(z) = 0) is solved to zero for each of the input values. Based on Expression (1), the HPC calculating
unit 121 calculates, as an eigen action, an SAW intensity distribution corresponding to the determined eigen solution.
The HPC calculating unit 121 substitutes the eigen solution for Neff in Expression (1) to calculate an SAW intensity
distribution corresponding to the eigen solution.
[0063] The input/output holding unit 161 cumulatively saves the input values, the function values of the function hkm(z)
in the eigen equation, and the eigen solutions for the eigen equation in the input/output storage unit 21 (step S14). The
function values of the function hkm(z) are function values for a plurality of predetermined specific z values.
[0064] The performance value evaluating unit 13 calculates the performances of the input values (step S15). For
example, the performance value evaluating unit 13 calculates, as a performance value, an SAW intensity corresponding
to the position of the optical signaling channel of each of the structures indicated by the input values from the SAW
intensity distribution for each of the input values. The performance value evaluating unit 13 evaluates the performances
of the input values based on the performance values of the input values (step S16).
[0065] The performance value evaluating unit 13 determines whether the current generation exceeds a threshold
value or not (step S17). If it is determined that the current generation does not exceed the threshold value (No in step
S17), the evolutionary computation unit 14 selects input values from the current input values "xkm" based on the evaluation
results (step S18).
[0066] The evolutionary computation unit 14 generates input values "xk+1m" of the next generation (step S19). For
example, the evolutionary computation unit 14 crosses the selected input values and changes the crossed input value
to generate the input values of the next generation. The evolutionary computation unit 14 moves to step S11 for processing
on the next generation.
[0067] On the other hand, if it is determined that the current generation exceeds the threshold value (Yes in step S17),
the model generating unit 162 performs the following processing. The model generating unit 162 generates the learning
model 22 that predicts in which range the eigen solution for a new input value exists by associating the function values
of the function hkm(z) for the eigen equation and the eigen solutions for the eigen equation with the cumulatively saved
input values (step S20). The model generation processing ends.

[Flowchart for Evolutionary Computation]

[0068] FIG. 5 is a diagram illustrating an example of a flowchart for evolutionary computation according to Embodiment
1. The initial value of the generation k is assumed to be the number of generations + 1 used for the model generation.
[0069] As illustrated in FIG. 5, the input unit 11 inputs a plurality of input values "xkm" to be designed (structures/design
values) (step S21).
[0070] By using the learning model 22, the eigen solution predicting unit 163 estimates a solution candidate range for
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an eigen solution for the input values "xkm" (step S22). For example, the eigen solution predicting unit 163 inputs to the
learning model 22 the function values for the plurality of specific z values used for the prediction of the function hkm(z)
in the eigen equation for each of the input values "xkm". The eigen solution predicting unit 163 outputs the range of the
eigen solution (solution candidate range) corresponding to the input function values from the learning model 22.
[0071] The eigen solution predicting unit 163 predicts an eigen solution in the solution candidate range (step S23).
For example, the eigen solution predicting unit 163 substitutes values of z within the estimated eigen solution range
sequentially for the equation (hkm(z) = 0) and predicts the value of z resulting in zero as an eigen solution.
[0072] The eigen solution predicting unit 163 determines whether the eigen solution prediction has succeeded or not
(step S24). If it is determined that the eigen solution prediction has succeeded (Yes in step S24), the eigen solution
predicting unit 163 moves to step S26.
[0073] On the other hand, if it is determined that the eigen solution prediction has not succeeded (No in step S24),
the HPC calculating unit 121 calculates an eigen operating condition for the input values "xkm" (step S25). For example,
when A1 = 1 and B1 = 0 of the eigen solution condition in Expression (2) are input, the HPC calculating unit 121 calculates
the function hkm(z) for acquiring An for each of the input values. The HPC calculating unit 121 solves the eigen equation
resulting in An or hkm(z) equal to zero with respect to all possible points of z because of the condition of An = 0 of the
eigen solution condition in Expression (2) for each of the input values to predict an eigen solution. The HPC calculating
unit 121 moves to step S26.
[0074] The HPC calculating unit 121 determines the eigen solution and the eigen action for each of the input values
(step S26). For example, the HPC calculating unit 121 determines, as an eigen solution, the value of z with which the
eigen equation is solved to zero for each of the input values. Based on Expression (1), the HPC calculating unit 121
calculates, as an eigen action, an SAW intensity distribution corresponding to the determined eigen solution. The HPC
calculating unit 121 substitutes the eigen solution for Neff in Expression (1) to calculate an SAW intensity distribution
corresponding to the eigen solution.
[0075] The performance value evaluating unit 13 calculates the performances of the input values (step S27). For
example, the performance value evaluating unit 13 calculates, as a performance value, an SAW intensity corresponding
to the position of the optical signaling channel of each of the structures indicated by the input values from the SAW
intensity distribution for each of the input values. The performance value evaluating unit 13 evaluates the performances
of the input values based on the performance values of the input values (step S28).
[0076] The performance value evaluating unit 13 determines whether an end condition is satisfied or not (step S29).
If it is determined that the end condition is not satisfied (No in step S29), the evolutionary computation unit 14 selects
input values from the current input values "xkm" based on the evaluation results (step S30).
[0077] The evolutionary computation unit 14 generates input values "xk+1m" of the next generation (step S31). For
example, the evolutionary computation unit 14 crosses the selected input values and changes the crossed input value
to generate the input values of the next generation. The evolutionary computation unit 14 moves to step S21 for processing
on the next generation.
[0078] On the other hand, if it is determined that the end condition is satisfied (Yes in step S29), the performance
value evaluating unit 13 selects an optimum input value based on the results of the performance evaluations for the
input values (step S32). The evolutionary computation processing ends.

[Effects When Applied to Optical SAW Filter Design]

[0079] FIG. 6 is a diagram illustrating an effect acquired when partial range search according to Embodiment 1 is
applied to optical SAW filter design. FIG. 6 illustrates an example of evolutionary computation in which there are 200
input values for one generation and 20000 input values of 100 generations are to be evaluated.
[0080] The graph illustrated in FIG. 6 illustrates a total number of calculations when an eigen solution is acquired by
using the entire range search and a total number of calculations when an eigen solution is acquired by using the partial
range search according to Embodiment 1.
[0081] In the partial range search according to Embodiment 1, the model generating unit 162 learned 5000 (200 input
values 3 25 generations) data pieces of the initial first to 25th generations to generate the learning model 22. In other
words, for example, the eigen solution was acquired by the entire range search through the initial 5000 data pieces. For
the 26th and subsequent generations from the 5001st data piece, the eigen solution predicting unit 163 predicted solution
candidate ranges for input values by using the learning model 22, performed the partial range search in the predicted
solution candidate range and acquired eigen solutions.
[0082] As illustrated in FIG. 6, though the total number of calculations in the first to 25th generations used as learning
data by the partial range search according to Embodiment 1 is equal to that of the entire range search, the total number
of calculations is reduced in the 26th and subsequent generations, compared with that of the first to 25th generations.
In other words, for example, the information processing apparatus 1 may have a higher processing speed because of
the predictions in the 26th and subsequent generations when the partial range search according to Embodiment 1 is
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used, and the amount of computational complexity of the evolutionary computation may be reduced.
[0083] It has been described that, for the z value of the function hK(z) to be used for predicting the solution of the eigen
equation, a plurality of predetermined specific z values are used. For example, it has been described that, as the specific
z values, fixed values of predetermined z1, z2 and z3 are used. The fixed values may be three points selected from the
minimum value of z or may be points at both ends of the entire possible range of z and a middle point thereof.
[0084] For the z value of the function hK(z) to be used for predicting the solution of the eigen equation, a plurality of
predetermined specific z values may not be used. For example, it corresponds to a case where, though z1, z2 and z3
are not fixed values, differences therebetween are fixed values. As an example, three points may be selected such that
a difference "z1 - z2" and a difference "z2 - z3" are fixed values. Three points may be selected such that a difference "z1
- z2" and a difference "2 3 (z2 - z3)" are fixed values.
[0085] It has been described that the model generating unit 162 generates the learning model 22 that predicts the
range in which the eigen solutions satisfying an eigen solution condition for input values exist based on the accumulated
results of solutions of the eigen equations for the input values. The accumulated result of the eigen equations for input
values to be used by the model generating unit 162 may be information in the first generation to the (n-1)th generation,
for example, when the prediction is performed by using the learning model 22 from the nth generation (n: an integer
equal to or higher than 3). The information may not be from the first generation but may be, for example, information in
the immediately preceding several generations of the n generations for the prediction. In this case, the model generating
unit 162 may update the learning model 22 in accordance with the generation for the prediction.

[Effects of Embodiment 1]

[0086] According to Embodiment 1, the information processing apparatus 1 executes evolutionary computation that
calculates an eigen solution of an equation by using a plurality of input parameters. In order to calculate an eigen solution
of an equation of a first generation, the information processing apparatus 1 calculates a function value of a function in
the equation as first plural function values for partial input parameters of a plurality of input parameters. The information
processing apparatus 1 predicts eigen solution candidates for the first plural function values based on combinations of
second plural function values for the partial input parameters and eigen solutions calculated by using the plurality of
input parameters in a plurality of generations before the first generation. The information processing apparatus 1 calcu-
lates a solution of an equation in vicinity of the input parameters corresponding to the predicted eigen solution candidates.
With this configuration, the information processing apparatus 1 in the evolutionary computation predicts eigen solution
candidates and searches a solution in vicinity of the eigen solution candidates for calculating an eigen solution of the
equation in a certain first generation so that the amount of computational complexity of the repetitions in the search for
the eigen solution may be reduced.
[0087] According to Embodiment 1 described above, the information processing apparatus 1 predicts the range of
eigen solutions for the first plural function values as eigen solution candidates. The information processing apparatus 1
searches an eigen solution for the equation in the range of the eigen solution predicted as eigen solution candidates.
With this configuration, the information processing apparatus 1 searches an eigen solution of the equation in the eigen
solution range so that the amount of computational complexity of the repetitions for searching an eigen solution may be
reduced.
[0088] According to Embodiment 1, the information processing apparatus 1 generates the learning model 22 that
predicts an eigen solution range based on combinations of second plural function values for the partial input parameters
of each generation and eigen solutions in a plurality of generations before the first generation. The information processing
apparatus 1 predicts the range of eigen solutions for the first plural function values as eigen solution candidates by using
the learning model 22. With this configuration, the information processing apparatus 1 predicts the range of an eigen
solution by using the learning model 22 so that the amount of computational complexity for calculating an eigen solution
may be reduced. As a result, the information processing apparatus 1 may reduce the entire amount of computational
complexity of the evolutionary computation.

[Embodiment 2]

[0089] According to Embodiment 1, it has been described that the information processing apparatus 1 generates the
learning model 22 that predicts in which range an eigen solution of an eigen equation for an input value exists based
on combinations of a plurality of function values of the functions in the eigen equations for input values of a plurality of
generations and the eigen solutions. The information processing apparatus 1 predicts an estimated solution for the eigen
solution of the eigen equation for an input value by using the generated learning model 22 with respect to the input
values of a new generation. The term "estimated solution" refers to a solution candidate range of an eigen solution.
However, the information processing apparatus 1 may generate a table storing a plurality of function values of a function
in an eigen equation for input values of a plurality of generations and estimated solutions of the eigen solution in



EP 3 809 338 A1

11

5

10

15

20

25

30

35

40

45

50

55

association, without limiting to the learning model 22. The information processing apparatus 1 predicts an estimated
solution for the eigen solution of the eigen equation for input values of a new generation by using the generated table.
[0090] According to Embodiment 2, a case will be described in which the information processing apparatus 1 predicts
an estimated solution for an eigen solution of an eigen equation for input values of a new generation by using a table
storing a plurality of function values of a function in eigen equations for input values and estimated solutions of the eigen
solutions in association.

[Configuration of Information Processing Apparatus]

[0091] FIG. 7 is a functional block diagram illustrating a configuration of an information processing apparatus according
to Embodiment 2. Elements of the information processing apparatus of FIG. 7 are designated with the same reference
numerals as in the information processing apparatus 1 illustrated in FIG. 1, and the discussion of the identical elements
and operation thereof is omitted herein. Embodiment 1 and Embodiment 2 are different in that the model generating unit
162 is replaced by an eigen solution information table generating unit 164. They are also different in that the eigen
solution predicting unit 163 is replaced by an eigen solution predicting unit 163A. They are also different in that the
learning model 22 is replaced by an eigen solution information table 23.
[0092] The eigen solution information table 23 is a table that stores estimated solutions for eigen solutions for a plurality
of input values. An example of the eigen solution information table 23 will be described with reference to FIG. 8. FIG. 8
is a diagram illustrating an example of the eigen solution information table according to Embodiment 2. As illustrated in
FIG. 8, the eigen solution information table 23 stores a plurality of function values of a function hkm(z) in an eigen equation
for an input value xkm and an estimated solution ykm for the eigen solution in association. k indicates a generation, and
m indicates a number for identifying an input value within the generation. The expression "a plurality of function values"
refers to function values for a plurality of specific z values. As the plurality of specific z values, fixed values of predetermined
z1, z2 and z3 are used. Three points are used. However, the embodiment is not limited to the three points, but four or
five points may be used.
[0093] As an example, when the input value xkm is x02, h02(z1) as a function value for z1, h02(z2) as a function value
for z2 and h02(z3) as a function value for z3 and y02 as an estimated solution for the eigen solution are stored.
[0094] Referring back to FIG. 7, the eigen solution information table generating unit 164 generates the eigen solution
information table 23. For example, the eigen solution information table generating unit 164 converts an eigen solution
stored for each input value in the input/output storage unit 21 to a solution candidate range. The solution candidate
range corresponds to the estimated solution ykm for the eigen solution. The eigen solution information table generating
unit 164 holds, in the eigen solution information table 23, a function value of a function in an eigen equation for each
input value, which is stored in the input/output storage unit 21, and the converted solution candidate range in association.
[0095] The eigen solution predicting unit 163A predicts an eigen solution of an eigen equation for an input value by
using the eigen solution information table 23.
[0096] For example, the eigen solution predicting unit 163A acquires a plurality of function values of a function in an
eigen equation for input values of a new generation. The eigen solution predicting unit 163A predicts estimated solutions
corresponding to the plurality of acquired function values by using the eigen solution information table 23. As an example,
the eigen solution predicting unit 163A predicts an estimated solution corresponding to a function value that is the most
approximate to the function value of the function in the eigen equation for an input value of a new generation. For
example, a case is assumed in which a function value of a function hkm for an input value xkm of a new generation is
the most approximate to a function value of the function h02. In this case, the eigen solution predicting unit 163A predicts
y02 as an estimated solution y’km of the eigen equation for the input value xkm. As another example, when a function
value for an input value of a new generation is approximate to function values for two input values, the eigen solution
predicting unit 163A predicts a solution acquired by interpolating the two estimated solutions for the approximate function
values as an estimated solution for the input value of the new generation. For example, a case is assumed in which a
function value of a function hkm for an input value xkm of a new generation is approximate to function values of the
function h02 and a function h53. In this case, the eigen solution predicting unit 163A predicts an average value of the
estimated solution y02 for the function value of the function h02 and the estimated solution y53 for the function value of
the function h53 as an estimated solution for the input value of the new generation.
[0097] The eigen solution predicting unit 163A searches an eigen solution of the eigen equation for the input value
within the predicted estimated solution range. In other words, for example, the eigen solution predicting unit 163A
substitutes values of z within the estimated solution range sequentially for the function h(z) and predicts the value of z
resulting in zero as an eigen solution.
[0098] If the eigen solution prediction succeeds, the eigen solution predicting unit 163A outputs the eigen solution
along with the input value to the HPC calculating unit 121. This is for causing the HPC calculating unit 121 to calculate
an SAW intensity distribution (eigen action) of the eigen solution for the input value and to calculate the performance
value for the input value. On the other hand, if the eigen solution prediction fails, the eigen solution predicting unit 163A
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outputs the input value for the eigen solution resulting from the prediction failure to the HPC calculating unit 121. This
is for causing the HPC calculating unit 121 to acquire an eigen solution for the input value by the entire range search.

[Effects of Embodiment 2]

[0099] According to Embodiment 2, the information processing apparatus 1 generates the eigen solution information
table 23 storing combinations of second plural function values for partial input parameters of each generation and ranges
of eigen solutions in a plurality of generations before the first generation. The information processing apparatus 1 predicts
the range of eigen solutions for the first plural function values as eigen solution candidates by using the eigen solution
information table 23. With this configuration, the information processing apparatus 1 predicts the range of an eigen
solution by using the eigen solution information table 23 so that the amount of computational complexity for calculating
an eigen solution may be reduced. As a result, the information processing apparatus 1 may reduce the entire amount
of computational complexity of the evolutionary computation.

[Another Example Using Eigen Solution Prediction]

[0100] A case has been described in which an optical SAW filter is designed with the eigen solution prediction according
to Embodiments 1 and 2. Another example using the eigen solution prediction according to Embodiments 1 and 2 will
be described with reference to FIG. 9. FIG. 9 is a diagram illustrating another example using the eigen solution prediction
according to Embodiments 1 and 2. With reference to FIG. 9, a case will be described in which a design of a voltage
control oscillator (VCO) circuit is acquired by evolutionary computation.
[0101] The upper drawing of FIG. 9 illustrates a VCO circuit. Examples of design conditions are enclosed by broken lines.
[0102] The lower left diagram of FIG. 9 illustrates a relationship between oscillatory frequency and operating voltage.
The VCO circuit is used by setting the operating voltage such that the oscillatory frequency operates at a specified value
(such as 25.0 GHz) as a target value. In this case, 25.0 GHz is a specified value as the oscillatory frequency f. In a
structure represented by an input value 1, when the VCO circuit operates with the specified value, the operating voltage
indicates V1. In a structure represented by an input value 2, when the VCO circuit operates with the specified value, the
operating voltage indicates V2. In this way, the operating voltage depends on the structure.
[0103] The lower right diagram of FIG. 9 illustrates phase noise at specified frequencies. The VCO circuit is not only
to have an oscillatory frequency operating at a specified value but also to have small phase noise in a condition according
to the specifications. In this case, the structure 2 represented by the input value 2 have lower phase noise than that of
the structure 1 represented by the input value 1. This means that the structure 2 is a more optimum structure than the
structure 1.
[0104] Under this design summary of the VCO circuit, input values (design conditions regarding a structure and
parameter values) for an inductor and a variable capacitance are adjusted in the design process to search an optimum
structure. However, when the input values are changed, the operating voltage for the input values changes. Therefore,
the operating voltage (Vcnt) having the specified oscillatory frequency f is predicted every time in accordance with the
input values, and the phase noise is to be evaluated under conditions based on the specifications.
[0105] Accordingly, for example, design conditions of the structure and parameters of the VCO circuit are associated
with the "input value" according to Embodiment 1. The operating voltage under the specification condition for the input
value is associated with the "eigen solution". The phase noise under the condition based on the specifications for the
input value is associated with the evaluation value. For example a VCO may be designed by using the eigen solution
prediction according to Embodiment 1 as follows.
[0106] The HPC calculating unit 121 receives an input value regarding a design condition of a predetermined generation
and searches an operating voltage satisfying the specification condition for the input value through the possible entire
range of the operating voltage.
[0107] Based on the oscillatory frequency for a plurality of specific operating voltages of functions for input values and
operating voltage values which are searched by the entire range search (eigen solutions), the model generating unit
162 generates the learning model 22 that predicts the range of the operating voltage satisfying the specification condition
for an input value. The term "function" here refers to a function expressed by an operating voltage and an oscillatory
frequency.
[0108] The eigen solution predicting unit 163 predicts a range of operating voltages (eigen solutions) of an oscillatory
frequency for a plurality of specific operating voltage values in functions for input values by using the learning model 22.
The eigen solution predicting unit 163 predicts the operating voltage for an input value, which satisfies the specification
condition for the input value, within the predicted operating voltage range. If the prediction of the operating voltage fails,
the eigen solution predicting unit 163 may cause the HPC calculating unit 121 to search the operating voltage for the
input value by performing the entire range search.
[0109] The performance value evaluating unit 13 calculates phase noise for the input value based on the predicted
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or searched operating voltage. The performance value evaluating unit 13 evaluates the phase noises (performances)
of the input values based on the phase noises of the input values. The evolutionary computation unit 14 may evolve the
input values based on the evaluation result of the phase noises of the input values, predict the operating voltages for
the input values, and finally select an optimum input value.

[Flowchart for Evolutionary Computation]

[0110] FIG. 10 is a diagram illustrating an example of a flowchart for evolutionary computation according to another
example. The initial value of the generation k is assumed to be the number of generations + 1 used for the model
generation.
[0111] As illustrated in FIG. 10, the input unit 11 inputs a plurality of input values "xkm" to be designed (structures/design
values) (step S41).
[0112] By using the learning model 22, the eigen solution predicting unit 163 estimates a solution candidate range for
eigen operating voltage for the input values (step S42). For example, the eigen solution predicting unit 163 inputs to the
learning model 22 the function values for the plurality of specific z values used for the prediction of the function hkm(z)
expressed by an operating voltage and an oscillatory frequency for each of the input values "xkm". The eigen solution
predicting unit 163 outputs the range of the operating voltage (solution candidate range) corresponding to the input
function value from the learning model 22.
[0113] The eigen solution predicting unit 163 predicts an eigen operating voltage in the solution candidate range (step
S43). For example, the eigen solution predicting unit 163 substitutes values of z within the estimated operating voltage
range sequentially for the function and predicts the value of z that is an operating condition as an eigen solution.
[0114] The eigen solution predicting unit 163 determines whether the eigen operating voltage prediction has succeeded
or not (step S44). If it is determined that the eigen operating voltage prediction has succeeded (Yes in step S44), the
eigen solution predicting unit 163 moves to step S46.
[0115] On the other hand, if it is determined that the eigen operating voltage prediction has not succeeded (No in step
S44), the HPC calculating unit 121 calculates eigen operating voltages for the input values "xkm" (step S45). In other
words, for example, the HPC calculating unit 121 calculates an eigen operating voltage by searching an eigen operating
voltage being a specification from the entire range. The HPC calculating unit 121 moves to step S46.
[0116] In step S46, the HPC calculating unit 121 determines the eigen operating voltage for each of the input values
(step S46).
[0117] The performance value evaluating unit 13 calculates the performances of the input values (step S47). For
example, the performance value evaluating unit 13 calculates phase noises from the eigen operating voltages for the
input values. The performance value evaluating unit 13 evaluates the performances of the input values based on the
phase noises of the input values (step S48).
[0118] The performance value evaluating unit 13 determines whether an end condition is satisfied or not (step S49).
If it is determined that the end condition is not satisfied (No in step S49), the evolutionary computation unit 14 selects
input values from the current input values "xkm" based on the evaluation results (step S50).
[0119] The evolutionary computation unit 14 generates input values "xk+1m" of the next generation (step S51). For
example, the evolutionary computation unit 14 crosses the selected input values and changes the crossed input value
to generate the input values of the next generation. The evolutionary computation unit 14 moves to step S41 for processing
on the next generation.
[0120] On the other hand, if it is determined that the end condition is satisfied (Yes in step S49), the performance
value evaluating unit 13 selects an optimum input value based on the results of the performance evaluations for the
input values (step S52). The evolutionary computation processing ends.

[Effects of Other Example]

[0121] Thus, the information processing apparatus 1 in designing a VCO predicts an operating voltage by using the
range of the operating voltage for an input value satisfying the specification condition so that the entire amount of
computational complexity of the evolutionary computation may be reduced. In other words, for example, if the search
for the operating voltage (corresponding to the eigen solution) having a specified oscillatory frequency for each input
value may be predicted, the information processing apparatus 1 may efficiently evaluate the input value (structure).
Therefore, the amount of computational complexity used for designing a VCO may be reduced.

[Others]

[0122] The components of the information processing apparatus 1 illustrated in the drawings do not necessarily have
to be physically configured as illustrated in the drawings. In other words, for example, the specific forms of distribution
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and integration of the information processing apparatus 1 are not limited to those illustrated in the drawings, and all or
part thereof may be configured to be functionally or physically distributed or integrated in given units in accordance with
various loads, usage states, and so on. For example, the output unit 15 and the input/output holding unit 161 may be
integrated as one unit. The HPC calculating unit 121 may be divided into a calculating unit that searches an eigen solution
by entire range search, a unit that calculates an objective function based on the eigen solution and a unit that calculates
a performance value for an input value based on the objective function. The storage unit 20 may be coupled via a network
as an external device of the information processing apparatus 1.
[0123] The various processes described in the embodiments above may be implemented as a result of a computer
such as a personal computer or a workstation executing a program prepared in advance. Hereinafter, an example of a
computer that executes an information processing program implementing functions that are the same as those of the
information processing apparatus 1 illustrated in FIG. 1 will be described. FIG. 11 is a diagram illustrating an example
of a computer that executes the information processing program.
[0124] As illustrated in FIG. 11, a computer 200 includes a CPU 203 that performs various kinds of arithmetic processing,
an input device 215 that receives input of data from a user, and a display controller 207 that controls a display device
209. The computer 200 further includes a drive device 213 that reads a program or the like from a storage medium, and
a communication controller 217 that exchanges data with another computer via a network. The computer 200 further
includes a memory 201 that temporarily stores various kinds of information, and a hard disk drive (HDD) 205. The
memory 201, the CPU 203, the HDD 205, the display controller 207, the drive device 213, the input device 215, and the
communication controller 217 are coupled to one another via a bus 219.
[0125] The drive device 213 is, for example, a device for a removable disk 210. The HDD 205 stores an information
processing program 205a and information processing related information 205b.
[0126] The CPU 203 reads the information processing program 205a, develops the information processing program
205a in the memory 201, and executes the information processing program 205a as processes. Such processes cor-
respond to the respective functional units of the information processing apparatus 1. The information processing related
information 205b corresponds to the input/output storage unit 21 and the learning model 22. For example, the removable
disk 210 stores various information of the information processing program 205a or the like.
[0127] The information processing program 205a may not necessarily have to be stored in the HDD 205 from the
beginning. For example, the information processing program 205a may be stored in a "portable physical medium" such
as a flexible disk (FD), a compact disk read-only memory (CD-ROM), a digital versatile disk (DVD), a magneto-optical
disk, or an integrated circuit (IC) card inserted into the computer 200. The computer 200 may execute the information
processing program 205a by reading the information processing program 205a from the portable physical medium.
[0128] In any of the above aspects, the various features may be implemented in hardware, or as software modules
running on one or more processors/computers.
[0129] The invention provides a computer program or a computer program product comprising instructions that, when
executed by a computer, cause the computer to carry out any of the methods/method steps described herein, and a
non-transitory computer-readable medium comprising instructions that, when executed by a computer, cause the com-
puter to carry out any of the methods/method steps described herein. A computer program embodying the invention
may be stored on a non-transitory computer-readable medium, or it could, for example, be in the form of a signal such
as a downloadable data signal provided from an Internet website, or it could be in any other form.

Claims

1. An information processing apparatus that executes evolutionary computation for calculating an eigen solution of an
equation by using a plurality of input parameters, the apparatus comprising:

a first calculating unit configured to, in order to calculate an eigen solution of an equation of a first generation,
calculate function values of a function in the equation as first plural function values for partial input parameters
of the plurality of input parameters;
a predicting unit configured to predict eigen solution candidates for the first plural function values based on
combinations of second plural function values for the partial input parameters and eigen solutions calculated
by using the plurality of input parameters in a plurality of generations before the first generation; and
a second calculating unit configured to calculate a solution of the equation in vicinity of the input parameters
corresponding to the eigen solution candidates predicted by the predicting unit.

2. The information processing apparatus according to claim 1,
wherein the predicting unit is configured to predict a range of an eigen solution for the first plural function values as
the eigen solution candidates, and
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wherein the second calculating unit is configured to search an eigen solution for the equation in the range of the
eigen solution predicted as the eigen solution candidates.

3. The information processing apparatus according to claim 1 or 2,
wherein the predicting unit
includes a generating unit configured to generate a model that predicts an eigen solution range based on combinations
of the second plural function values for the partial input parameters for each generation and the eigen solutions in
a plurality of generations before the first generation, and
predicts a range of an eigen solution for the first plural function values as the eigen solution candidates by using
the model.

4. The information processing apparatus according to claim 1 or 2,
wherein the predicting unit
includes a generating unit configured to generate a table storing combinations of the second plural function values
for the partial input parameters for each generation and a range of the eigen solution in a plurality of generations
before the first generation, and
predicts a range of an eigen solution for the first plural function values as the eigen solution candidates by using
the table.

5. The information processing apparatus according to any preceding claim,
wherein the partial input parameters are a plurality of predetermined z values with respect to a function h(z) in the
equation.

6. A program for causing a computer to execute a process for evolutionary computation for calculating an eigen solution
of an equation by using a plurality of input parameters, the process comprising:

in order to calculate an eigen solution of an equation of a first generation, calculating function values of a function
in the equation as first plural function values for partial input parameters of a plurality of input parameters;
predicting eigen solution candidates for the first plural function values based on combinations of second plural
function values for the partial input parameters and eigen solutions calculated by using the plurality of input
parameters in a plurality of generations before the first generation; and
calculating a solution of the equation in vicinity of input parameters corresponding to the predicted eigen solution
candidates.

7. An information processing method executed by a computer for evolutionary computation for calculating an eigen
solution of an equation by using a plurality of input parameters, the information processing method comprising:

in order to calculate an eigen solution of an equation of a first generation, calculating function values of a function
in the equation as first plural function values for partial input parameters of a plurality of input parameters;
predicting eigen solution candidates for the first plural function values based on combinations of second plural
function values for the partial input parameters and eigen solutions calculated by using the plurality of input
parameters in a plurality of generations before the first generation; and
calculating a solution of the equation in vicinity of input parameters corresponding to the predicted eigen solution
candidates.
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